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HN/VMA Tir' C()[--\(;T0K C^Y i^lASC] I 'SING S^M J 'BLF [^ M^IHIN E 
NT •( M.no Tl D li 1^kANS(i\^ DROC i ^: , \ S_K 

Field of the Inven tK)n 

This invention relates to the use of <in enzyme lor the oxidation or reduction of 
5 pyridine nucleotide co factors during enzyinic reactions /// \'iv<j or m vnro^ for example in 
enzymic or whole-cell biotransformations or enzymic analytical techniques 
Background of the Invent ion 

Bictransforination procedures using natural or genetically-moditled microoreanisms 
or isolated enzyn^^es provide methods f^r the s\ntliesis of many userlii products. 

10 Biotransfomiations have se\eral advantages over chemical synthetic methods, in particular 
regiospecificily and stereospeciticity of liie enzvme-cataly sed reactions, use of mild 
reaction conditions, and absence of reciuirement tor toxic solvents 

Oxidoreductase enzymes otten require redox-active cofactors for activity Among 
the most common such cc^lactors are the pyridine nucleotide cofactors nicotmamide 

15 adenine dinucleotide (NAD: oxidized form NAi:)^ reduced form NADH) and nicotinamide 
adenine dinucleotide phosphate (NADl^: oxidized form NADP^, reduced form NADPH). 
These cofactors are expensive and, exce[^t in the cases of extremely valuable products, 
cannot feasibly be supplied in stoichiometric quantities. This is one tactor iimitinu the use 
of many oxidoreductase enzymes for biotranstbni^ation reactions. 

^0 The requirement for cotactors in a biotransformation process can be reduced by the 

provision of a means of regenerating the desired form of the cofactor This means that the 
cofactor need be supplied only in catalytic quantities For example, if the reaction of 
interest recjuires NAD , which is reduced in tlie reaction to NADH, the NADH can be 
re-oxidized by NAD^ by another enzyme system, such as NAD "^-dependent tbrmic 

15 dehydrogenase in tlie presence of formate This is referred to as cofactor cvcling Formic 
dehydrogenase is particularly suitable for this purpose, since the reaction it catalyses is 
essentially irre\'ersible, 

A rurdier comphcation is that t[ie majority of NAD-rcquiring enzymes are not able 
to use NADP as a cofactor, and vice versa For example, formic dehydrogenase could not 

iO be used to reuenerate NADPH from NADP' 
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A special caso is vvnc:c a biot:"a:i.^:".^: :!iat umi process requires rv^.v) oxidurcductase 
enzN'mes vv^luch require dirlerenr cotAc:,)^ For exainpie, a reccnilv proposed 
biotran^rbrii^ation pre)ces.-^ ibr tiie corvvcr^ioi: uf iii<jrp;;ine lo ihc powcrtul painkiller 
hydromorphone requires the sequential actum of NADP ' -dependent morphine 
dehydrogenase aiid NADH-dependeru morphtnone reductase (French e/ a/ (1995) 
Bio/'rechnology 13 o74-b70j. In the tir.^t reaction, morphine is conxerted to niorphinone 
with reduction of NADP^ to NADPH, and in the second reaction morphinone is 
converted to hydromoq^hone with oxidation of NADH to NAD^ Therefore, both 
NADP and NADH must be supphed A farther comphcation is that, in the presence of 
NADPM generated in the first reaction, morphine dehydrogenase reduces the product 
hydromorphone to an undesirable product, dihydrt)morphine, with re-oxidation of NADPH 
to NAD[^ These reactujns are siunvn in the accompanvmg Fiuure 1 A 

Pyridine nucleotide-dependent enzymes can also be used in certain enzymic assay 
procedures, with the quantity of the analyte being determined by the degree of oxidation 
or reduction of the cofactor Oxidation and reduction of NAD and NADP can be measured 
by several methods; for example, spectrophotometry and tluorimetry. Mowever, 
exceptionally sensitive methods for detecting oxid:ition or reduction may only be available 
for either NAD or NADP, but not both For example, the oxidation of NADU to NAD"^ 
c:in be detected with extreme sensitivity by using the enzymes glycera!dehyde-3 -phosphate 
dehydrogenase (GAPDFI) and phosphoglycerokinase (PGK) to phosphorvlate adenosine 
diphosphate (ADP) to adenosine triphosphate (ATP) in a reaction dependent on the 
presence of NAD^, and then detecting the resulting ATP by the ATP-dependent light- 
emitting reaction of firetly luciferase. This iiiethod cannot be used to detect oxidation of 
NADPH to NADP^, since the commercially available GAPDFf is specific for NAD^. 

Several of the problems mentioned above can be overcome by the use of an enzyme 
which transfers reducmg ecjuivalents between NAD and NADP; for example, reducing 
NAD to NADH whil e oxidizinu, NADPH to NADP Such an enzvme is known as a 
pyridine nucleotide transhvdrou enase (PNIH) Se\erval tvpes of enzvme exhibit this 
activity (Rydstrom a/ ( 1987) in ^Pyridine nucleotide coenzymes chemical, biochemical 
and medical aspects', part B, eds. Dolphin ci a/, John Wiley and Sons, NY, p 433-460). 
The best knov^n is the membrane-bound, proton-pumpmg PNTPI found m the membranes 
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nmociioiuiii.i .ip.ci ccrMin haciciia :.i;cii as l\.\Jicnchia colt Ti^.is eiizvnic, being 
menibrane-bounJ, is gencraiiy unsLiiral)Ic tor buMransfornKUuni and analytical purposes 
Soluble, non-energy-linked PNTM has been reported to occvw in certain bacteria such as 
FseuJomofias Jliiorcsccns, rscnJoDiotuis ncfir^inosu and Azotohaclcr vnickitida This 
enzyme has been characterized in some delail, but its utility is limited. 
Summary of th e Invention 

The gene (designated .v///) encoding ih.e soluble transhydrogenase of Fscudomonas 
fluorcsccns NCIMF^ 9SI5 has been cloned and sec|uenced, and the enz\me has been 
overexpressed in K^chcnch/a coir l\h:s enables tlie preparation of larue amounts of 
enzyme relativei\' easily The enzvnie has been purified and characterized This enzyme 
is defmed by the reaction it catalyses, namely, transter of reducing ecjuivalents between 
NAD and NADP or analogues of these cotactors: the nucleotide sec]uence of the structural 
gene, sifu encoding the enzyme, and the deduced an^no acid sequence of the enzyme 
derived therefrom; structural [properties of the enzyme, including a subunit Mj. of 
approximately 50,000; and the capacity to form large polymers of exceeding 
1,000.000. 

According to a tirst aspect of this invention, the enzyme is used to act upon pyridine 
nucleotide cofactors so as to enhance a biotransformation process, for example, to alter 
the oxidation state of NAD or NADP or analogues of these cotactors This may be so as 
to allow the action of another enzyiiie upcm these cotactors. Alternatively, an altered form 
of the enzyme, prepared by random or site-directed mutagenesis of the structural gene, 
might be used. Such an altered enzvme may show altered levels of activity, altered 
regulation, or altered subunit structure 

The gene sili constitutes a second aspect of this invention. The gene may be used 
for the production of tlie enzyme or an altered form of the enzvme using a uenetically 
modified organism. For example, a genetically modiiied organism carrying the sth gene as 
all or part of a heterologous construct mav be grown in such a way as to encourage 
production of the enz^vme, which may tlien be recovered from the culture medium or from 
cell extracts. The methods for accomplisiiing tliis are well known in the an 

A third aspect of this invention is the genetically modified org^mism which expresses 
the enzyme Such an organism ir,:iv be used in a whole cell biotransformation process 
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vvhicn iiwiv rc enhanced n\ [he pre.enee ;n iWc eeii.^ .)r'tiie a.;rve er^/\nie Teehnujues tor 
uerieratinLZ ^ue.h recoiTibiPKUU oi"ganisir.s are uell knu\vn :n :he an 

According to a tbunii aspect of the in\-eniion, the enz'.nie i> used tn enzvnie-based 
anaJvlicaJ .Lssass so as to enhance these assa\ s For exampie, ihc enz\nie may be used to, 
5 in ertect, convert a siLinal measured as oxidatitni otWADPH t.) NADI^^ to a Si^nal that can 
be measured ba.sed on oxidation of NADI 1 to NAD* The altered signal may thereafter be 
detected by a more sensitu'e technujue uhich uas not fornierh. api^hcable 
Desc ri ption of the Invention 

The invention may be utilised by the enzyme having t'ne seciucnce shown in SHQ ID 
10 No. 2, or an amino-acid sequence having more than 70%, [M-eferably at least 80'' o, and 
more preferahlv at least OO'^o identity Tiie enzyme mav be used as such, or as a 
transformed organism. Suitable hosts tor transformation are v. ell known to those of 
ordinary' skill m the an. An example of a suitable host is coli 

An enzyme or organism of the invention may be used in biotranstbrri^ation, for 
15 analytical purposes, or for any other appropriate purpose It is particularly useful in 
connection with a reaction in which an enzyme uses a pyridine nucleotide cofactor. A 
specific example is shown in Fig IB (to be compared with Fig lA). The use of STH 
means that reduction of hydromorphone is greatly decreased, by avoiding a build-up of 
NaVDIF This eliminates the need to supply expensive cofactors In biotransformation, 
20 STH may shuttle reducing equivalents trom NADM to N AD', allcnvinLz cells to be used in 
the process more than once 

The following Example 1 illustrates the cloning and sequencing of a7/;, while 
Examples 2 and 3 illustrate the use of STH in accordance with the invention. The 
Examples are given with reterence to Fig. I (described above) and tlie other accompanying 
25 drawings, in which: 

Figure 2 is a restriction map of the 5.0 kb lico K\ fragment and the 1 .5 kb Sac WlXho 
I subclone bearing the slh gene Tlie shaded area indicates the coding reuion and arrows 
indicate secjuencing reactions. 

Figure 3 shows the transformation of morphiine to hydrorr.orphone in the presence 
30 of soluble transhydrogenase Squares, morphine, circles, hydromorphone, tnanules, 
dihydromorphine 
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Figure 4 :>lunvs tlic consccuiwc ir.orpliir^c hiotrarislofin.itions v\ith cl'IIs of/v cv;// 
JNli09/p\I()RB3-Anuit\I(::suS, pPN r4 .uul A. c ..// JM 1 0^^ {iMOkH^-AnuuMCSijS (OC 
=- Opiate C'onceritration (inMj, □ in(M-[^tiiiiL\ • - lu-droniorphone and ▲ ^ 
dihydromorphine). 
5 Example I 

Thionicotinaniide adenine dmucieotide {iNAD^j and adent)sine-2',5'-diphosphate 
agarose were obtained from Sigma (Poole, Dt u set, UK). Other reagents were of analytical 
or higher grade and were obtained from Sigma or Aldrich (Giilinghani, Dorset, UK). 

PscuJonKjHcis Jli{()rcsccf}s NCIMIV^Sl -^ v\a.s obtained trom tlie National Collection 
10 of Industrial and Marine Bacteria (Aberdeen, Scotland, U^Kj. I-^sc/icnch/a coli JM 109 was 
obtained from Fromega ( Southam[Mo[i, UK) Botli organism^ were routinely urown in 
SOB medium ( Sambrook ci al { 1 OS^; ) Molecular C/icMimg: A Labt^ratoiy Manual, 2nd edn , 
Cold Spnng Harbor Laboratory Press, Cold Spring I iarbour, NY) at 30"C (i\ fluorescens) 
or jT^'C coll) with rotary' shaking at 180 rpm 

15 STH activity was routinely assaved by observing the reduction of thionicotmamide 

adenine dinucleotide (tKAf) ), an analogue oi" NAD^ with ahered spectral 
characteristics, at 400 nm in a reaction n^axture ccmsistiivg of 0. I mM tNAD^ and 0. 1 niM 
NADPH in 50 mM phosphate butler, pH 7 0, at 30 One unit (U) of enzyme activity 
was defined as that amount of activity reducing I mmol of tNAD ' per min under these 

20 conditions. The molar change in ahsorbance at 400 nm of tNAD'^ on reduction to 
tNADH was taken as 1 1 300 fmor'cm"' (C^ohen c/.//(1970) J. Biol. Chem. 245:2825- 
2836). Protein concentration was routinely assayed using the reagent of Pierce (Rockford, 
IL, USA) according to the n^anufacturer's protocol Bovine serum albumin was used as 
a standard. Specific activity was calculated as units of STI I activity per mg of protein 

25 (U/mg). 

pBIuescript SK-^, a standard cloning vector, was obtained from Stratagene 
(Cambridge, Cambs , UK) pS 1[I\!BL, a lo\^-cop>' number vector, is described in 
Poustka L^/ c// (1984) Proc Natl .Acad Sci US A 8 U4 1 29-4 I 3 Southern blottmg and 
DNA manipulation were pertbrmed using standard rechnujues (Sambrook ct ai supra). 
30 Purification of STU: Soluble pyridine nucleotide translu drogenase (STHj was puritled 
from cells of P. fli/orcscc/is NCIMB^'Sl^ according to a nuxlification of the method of 
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Hoieber- l7 i'''^') ) luir J HiochcMi UhA'^^-A"^ (^c!ls wore iirown to sKii:onarv phase 
in I 1 of SOB niediLini The cells v^ere harvcsied hv centnfugaiion ( 5r)(j() 15 mm) and 
resuspended in 20 ml butTer A (5ij mM rns.HCM, pi I 7 0, with 2 mM diihiotnreiioi i The 
cells were then disnjpted by sonication (25 bursts of 5 s at 12 |am separated bv 30 s pauses 
5 for coolmg in an ice-water bath) using an MSf: Soniprep 15i) Cell debris was removed 
bv centrilliuation (25,000 g, \0 nun) The extract contained 03 units of STH activity at a 
specific activity of 0. 10 U/mg 

STH was purified using a column of 1 cm mner diameter packed with 6 ml of 
adenosine-2',5'-d!phosphate agarose ( packed lieiglu 7.6 cm). The column was operated at 
10 12 ml'li dunng loading and 24 mly'h dunng washing. All procedures were performed at A^'C 
and all buffers contained 2 niM dilhiothreitc;)!. Atler equilibration of the column with 5 mM 
CaCU in butTer A, crude extract (20 ml), lo which CaCU had been added to a final 
concentration of 5 mM, was loaded onto the column. The column was then washed with 
90 ml of 0 4 M NaCl, 5 inM CaCU in bulTer A, followed by 24 ml of 0.7 M NaCf 5 mM 
15 CaCln in butTer A. Bound vice versa was eluted with 50 mM tris/HCl, pH 8.9, containing 
0.4 M NaCl. Fractions of 5 ml were collected and the active fractions were pooled. The 
pooled product was concentrated by ultrafiltration using an Amicon 8050 ultrafiltration 
cell fitted with a membrane of nominal M, cutotT 10,000, and then diafiltered with buffer 
A to reduce the pH and salt concentration The final volume was 1.5 ml. This material 
20 contained 62 U of STH activity at a specific activity of 140 U/mg, 

This product was then applied to a gel titration column of 1.5 cm inner diameter 
packed with 150 ml of Sephacr^'l S-300 (Pharmacia) (packed height 75 cm) equilibrated 
with buffer A. The column was operated at 8 ml/h. Fractions of 2 ml were collected. 
Active fractions (16 ml) were pooled and concentrated by ultrafiltration as described 
25 above to a final volume of 1 ml. The product contained 26 U of STH activity at a specific 
activity of 3 10 U/mg. 

Prior to analysis by SDS-PAGE the sample was further concentrated by freeze- 
drymg and resuspension in a small volume of buifer A The reconstituted material was not 
active. SDS-PAGE showed a single protein band with an apparent of 55,000, 
30 consistent with the value repoaed tor the enzyme from Pscudomonas aeruginosa 
(Rydstrom et al, supra). 
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Clonimj;: Protein w:is tranNlcri -Ll li-uin ai\ SDS~\\\(}E -cI U> p* )I\ ( vinylidcnc dilluoridc) 
(PVDFj membrane (ProFiKui, Applied 13iO'S\slei^i.;, lM):Ucr Ciiw C\\, l.^SA) using the 
PhastTransfer semi-dry transter system {[M^armacia, St. Albans, Herts., UK) accordmg to 
the manufacturer's instructums 

The N-temiinal sequence uas dctcnv.ined bv automated F^dman degradation. The N- 
terminal sequence of the purified I\\'TH was determined as 

A-V-Y-N-Y-DA'A'A'T.-G-S-{G/\0-P-A-C;T>(G/\')-A-A-\l-N-A-A-(R.D 
where parentheses indicate unceaain assignments 

A codon bias table tor /I//<j/\\\l c//.\ vvas deiived i)ased on 20 genes in the Gen- 
EMBL database This revealed a signit'cam preference ibr (/ and C in the third position 
ior n\osi codoiis. Based on tins codv)n i)ias, ine tollowmg degenerate oliuonucleotide was 
designed: AC-f C/G )ACm C G )A(^-(] IX '-G I\\-Gd"d'-r]TA-( C, G )AC'-(G C )GC (based on 
residues 1 to 9 otThe N-terminal sequence) 

Southern blots of genomic DNA from J\ Jliiorcsccfis NCT\IB98 1 5 showed that this 
oligonucleotide bound most strongly to a 5 0 kb li^co Rl fragment. A library of Eco RJ 
fragments of 4 to 6 kb was prepared in the cloning vector pBluescnpt SK* using E. coli 
JM109 as a host, and recombinant cells were screened by colony blotting using the 
oligonucleotide probe. Several positive colonies were isolated and all were found to bear 
the same 5.0 kb inserl. Botli orientations of the insert were recovered. The recombinant 
plasmids were designated pSTMl/V and pSTFIlB, var> ing only in the orientation of the 
Eco RJ insert. The gene .v//? vvas localized by restriction mapping of the insert followed bv 
Southern analysis using the oligonucleotide probe Sequencing indicated the presence of 
an open reading frame encoding a protein of th.e same N-terminal set]uence as that 
determined tor STH. V:inous subclones v^ere prepared in [T3lue>cript SK^ and sequenced 
using vector-based primers as shown in Figure 1 The secjuence of av/; and the deduced 
amino acid sequence of STH are shown as SEQ ID Tsos 1 and 2. 

Cell extracts prepared froui saturated cultures of /v coli JM109/pSTHlA or 
pSTIdlB showed detectable STfd activity, assayed by the reduction of thionicotinamide 
adenine dinucieotide (tNAD ) in the presence of NADPF! A 1.5 kb Sac IMXho I fraument 
from pSTHl A was subcloned in pBluescnpt SK^ { Figure 2 i This plasinid was designated 
pSTFi2. In pSTf 12, sih is m the correct orier.taticMi to be expressed from the lac promoter 
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of pBliJcscnpt SK*- Cell c\i::ict.> iroin %a:L:iaU*J ^uiiur-j:; oi i\. coii JM 1 (jW„ pSTIIZ in the 
absence or presence of 0.4 inM IP TC; sho'AcJ ir:insh\ Jrv)i:enase activity of^ 1 U mg and 
22 0 LVmg respectively. Based on the specific acti\ity of puritled STH, it was estimated 
that m the latter case STH ibnned approximateiv 6' o of soluble cell protein, approximately 
5 100 times the level seen in Jlnorcscois. 

The recombinant STH was purified to af^parent homogeneity in a single affmity 
chromatography step using adenosine-2',5'-diphosphate agarose Cell extract was prepared 
as described above from 1 1 of saturated culture of A', coli JMI09/pSTI I2 grown in the 
presence of 0 4 mM IPTG Of the resulting 25 ml of ceil extract, 5 ml, containing 2140 

10 U of STH activitv at a specific activit\' ' ''2^ I'/nig, was loaded onto a column packed with 
adenosine-2\5'-diphosphate agarose :scribed above. The column was washed with 35 
ml of 0.7 M NaCl, 5 mM CaCU in butTer A. STH was th.en eiuted with 0.4 M NaCl in 50 
mM Tris/HCl, pH 8.9. The n\ost active fractions, totalling 13 ml, were pooled, 
concentrated and diatlltered as described above, except that a membrane of nominal 

15 molecular weight cutotf 300,000 was used The product contained 900 U of STH activity 
at a specific activity of 300 U/mg. Th:s material appeared to be homogeneous by SDS- 
PAGE; the gel-filtration step was therefore omitted. The purified STH was stored at -ZC'C 
in buffer A with 2 mM clithiothreitol, with no detectable loss of activity over several 
weeks. 

20 The properties of the recombinap/t STH were compared to those reported for the 

enz>'me trom fKscudonionas acni^^mosa. The subunit M. as determined by SDS-PAGE is 
consistent with that previously repoaed (Rydstrom etai supra) To determine whether 
the recombinant enzyme was capable of forming large polymers, samples were adsorbed 
to carbon films, negatively stained with o w/v uranyl acetate and examined by electron 

25 microscopy using a Phillips CNHOO electron microscope. Long polymers of approximately 
10 nm diameter and in excess of 500 nm long were observed. This is consistent with 
previous reports (Louie c( a/ (1^>72) J. MoL Biol. 70 65 1-064), 
Example 2 

Morphine dehydrogenase anJ rr.orphinone reductase were prepared from 
30 recombinant strains oi Esc'ncrichui coli according to published procedures (Wtlley ei al 
(1993) Biochem. J. 290:539-544, French and Bruce (1995) Biochem. J. 312:671-678). 
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STM was prepared tiorTi /\sc/{cJr,/nrj/ui.s /h/i>/\'\CL/i\ NCIMl^^JSi a:. Jeserif^ed iii I-Aainpie 
1. Morphine alkaloids x^ere qLiantitied hv HPLC' (French e/ t//, su/^rLi) 

A reaction iraxture consisting u\ [) S ml 5(j niM Tris/nc;! butler, pH S 0, containing 
10 mM morphine, 0 2 mM NADPii, (j 2 niM NAD", 1 niM dithiothreitoi, 1 unit of 
5 niorphinone reductase, i unit of nioiphine deiiydrogenase and 0 units of STM was 
incubated at 4'"C tor 8 hours. Samples of 50 ul were taken at inter\'als, treated with acetic 
acid to precipitate proteins, and analysed bv IIPLC Morphine was converted to 
hydromorphone in high yield, as shown \\\ Figure 3. A parallel experiment lacking SJVl 
was also pertbrmed In this case, no transformation of morphine occurred. This 
10 demonstrates that SThi is capable of catalysing cycling of cofactors in an enzymic 
biotransformation process 
Example 3 

t\ 12 kb l\st t fragment bearing a mutant morphine deh\ drogenase structural gene 
(morA) complete with its upstream ribosome binding site and promoter sequences was 
15 ligated into the low-copy number vector, pS IFMBL, previously digested with I 
creating the construct pMORA4mutMC^S0S, which contained suitable restriction sites for 
further subcloning. A 1.2 kb H//id\U/!\co RI tragment carryang the mutant morA gene, 
ribosome binding site and promoter region was excised trom pMORA4mutMC80S and 
ligated into /////dIIL7':a; Rl-digested pMORF^j (French cUi/, supra) which carried a single 

20 copy ofm()rh\ the structural gene for morphinone reductase, together with its ribosome 
binding site and promoter region, creating the construct pMORB3-AmutMC80S, 

A 1.5 kb Ps/ l/Xho 1 fragment bearing the structural gene for the soluble pyridine 
nucleotide transhydrogenase was ligated into pS IHMBL, previously digested with Pm I 
and Sa! I, creating the constmct pPNT4 

25 Cells of c(j/i JM100/pMORB3-AmutMC80S and P. cnli JMl 00/pMORB3- 

AmutMC80S/pPNT4 were grown to stationary phase and haPvCsted by centrifugation at 
17,310 < g for 15 mm at 4 "C. Cells were then v^'ashed with 50 mM Tris-IICl (pFI 7 5) and 
recentrifuged The supernatant was remo\ed and the pelleted cells stored on ice until 
required for biotransformation l\^'pical values for enzyme activities in cells of/:, coli 

30 JM100/pMORB3-Am.utMCSGS were 0 Oo U/mg for morphine dehydrogenase and 0.88 
U/mg m.orphmone reductase, whilst values i-. cells of /V. om// JM 1 09/pMORB3- 



w o 



l'r i /(;H9- 02983 



AfTuUMC^OS. pPNT-l 'v\crc •■"^-l-l 1', nv_; U r morphine j.'fu'.lrouciKisc, U 7S \ ' nig for 
morphinonc reducia.e and 'J "^2 IJ. ir.- fur STi I Sniail scale uhoic cell bioiranstbrinations 
(3 ml total volume) uere earned oui m reaction niixiures containinu 20 mW morphme and 
a final cell density of 0.17 li, ml in 50 mM Tris-HCl (pH 7 5 ) Biotransformations were 
S carried out in duplicate at 30'C on a rotary shaker and samples taken at regular intervals. 
Samples were clarified by centrifugation and analysed fur opiate content using HPLC as 
described previously (French ci ai M{f)ra).A senes of consecutive biotransformations were 
carried out using the same batch of cells which was harvested and washed between 
incubations. Results illustrated in Figure 4 indicate that cells containing recombinant STH 
10 were capable of being used more than once for the biotransformation process, while cells 
lacking recombinant STM could only be used once These results imply that recombinant 
STH is capable of cofactor cycling in /// v/vu enzymic processes dependant on NADF^ and 
NAD. 



BNeOOaO: <W0_9ei8«»A1JL?' 



\V <> *)S/1S*K»9 




(1) GENERAL I N' r OR.MAT I Or; : 

(1) A??LicA:rr: 

(A) NAME: CAMBRIDGE UrJIVERSITY TECHrJICAL SERVICES LTD. 

(3) STREET: The Old Schools, Trinity Lane 

(C) CITY: Cambridge 

(D) STATE: Ti/A 

(E) COUNTRY: United K^i^jdum 
(r) POSTAL CCCE (ZIP): C32 ITS 

(11) TITLE OF INVENTION: ENZYMIC COPACTOR CYCLir.'G USING SOLUBLE 
PYRIDIN'E NUCLEOTIDE TRANSHYDROGEN'ASH 

(III) rJUMBER OF SEQUENCES: Z 

(IV) COMPUTER READABLE rORM: 

(A) MEDIUM TYPE: Floppy dis^ 

(B) COMPUTER: IBM PC companibie 

(C) OPERJ^TING SYSTEM: PC-DOS / MS -DOS 

(D) SOFTWARE: Patentln Release #1.0, Version ^1.30 (EPO) 

(V) CURRENT APPLICATION DATA: 

APPLICATION NUMBER: VvO (not yet known) 

(2) INFORMATION FOR SEQ ID NO: 1: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 1660 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: DNA {genomic) 
(111) HYPOTHETICAL: NO 

(IV) ANT I -SENSE: NO 



( IX ) FEATURE : 

(A) N.AME/KEY: CDS 
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(x^) SEQ'JE:ICE CESCRIPTIOiJ : 3ZQ I'J :iO: 1: 

ACGGGCGGTG AAACGTAACG AGTCCTCTGT AGTAAAGGCA AAACTCGCTA CGGAACGCGA 50 

CCAAGGGTTA ATGTGCGCGG CGTTGAGCCT TATATAGACT GTGCCCCGGT TCAACACACT 12 0 

TGAGCCAAAT TGTCCTTCAT GACCGCTGGC CGCGGCATGA TTTAGCCAGG CGTCCAACCG 130 

TACGCCTGGC CTGTTTTGAG GAGTA<JGC ATG GCT GTC TAG AAC TAG GAC GTG 2 32 

Met: Ala Va 1 Tyr Asn Tyr Asp Val 
I 5 

GTG GTA CTG GGT TCC GGC CCG GCT GGA GA.A GGT GCG GCG ATG AAC GCC 280 
Val Val Leu Gly Ser Giy Pro A:.a Gly Glu Gly Ala Ala Me- Asn Ala 
10 15 20 

GCG AAG GCA GGG CGC AAG GTG GCG ATG GTC GAT AGC CGT CGC CAG GTC 328 
Ala Lys Ala Gly Arg Lys Val Ala Met Val Asp Ser Arg Arg Gin Val 
25 30 35 40 

GGC GGT AAC TGC ACC CAC CTG GGT ACC ATC CCG TCC AAG GCA TTG CGT 376 
Gly Gly Asn Cys Thr Hxs Leu Gly Thr He Pro Ser Lys Ala Leu Arg 

CAC TCC GTT CGC CAG ATC ATG CAG TTC A.^C ACC AAC CCG ATG TTC CGG 424 
His Ser Val Arg Gin He Met: Gin Pne Asn Tnr Asn Pro Met: Phe Arg 
60 65 70 

GCC ATT GGC GAG CCG CGC TGG TTC TCG TTC CCG GAT GTG TTG AAA AGC 472 
Ala He Gly Glu Pro Arg Trp Phe Ser Phe Pro Asp Val Leu Lys Ser 

75 30 85 

GCT GAA AAA GTC ATC TCC AAG CAA GTC GCC TCG CGT ACC GGC TAG TAG 520 
Ala Glu Lys Val He Ser Lys Gin Val Ala Ser Arg Thr Gly Tyr Tyr 

GCC CGT AAC CGC GTC GAC CTG TTC TTC GGT ACC GGC AGC TTC GCC GAC 563 
Ala Arg Asn Arg Val Asp Leu Phe Pi^e Gly Thr Gly Ser Pne Ala Asp 
10^ 110 115 120 
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GAG CAA ACC CTC GAG GTG GTC TGC GGC AAT GGC GTG GTC GAG AAA CTG 6 1 o 

Gill Gin Thr Va L Giu V.^l 7a l 'Jys A . .i A.-^.:i G^y 7.^1 7,i I ( ; . ■ j Ly3 Leu 

GTG GCC A.\G CAC ATC ATC ATT GCC AGO GGC TCG CGC CCG TAT CGC COG 6 64 

Val Ala Lys Hls lie lie lie Ala Thr Gly Ser Arg Pro Tyr Arg Pro 
1-^0 1 5 15 0 

GCG GAT ATC GAT TTC CAC CAC CCA CGT ATC TAG GAT AGC GAT ACC ATC 7 12 

Ala Asp lie Asp Phe Ki.s H^r, Pro Arg lie Tyr Ai^p Ser A^p Thr lie 

155 16 J 165 

CTC AGC CTG GGC CAC ACC CCA CGC AAA CTG ATC ATC TAT GGC GCC GGC 7 60 

Leu Ser Leu Gly Hls Thr Pro Ar'; Lys Leu lie lie Tyr Gly Ala Gly 

I ' 0 17 5 13 0 

GTC ATT GGC TGT GAA TAC GCC TCG ATC TTC AGC GGC CTG GGT GTG CTG 803 
Val lie Gly Cys Giu Tyr Ala Ser lie Phe Ser Gly Leu Gly Val Leu 
135 190 19S 200 

GTC GAG CTG GTC GAC AAC CGC GAC CAG TTG CTG AGC TTC CTC GAC TCG 856 
Vai Giu Leu Val Asp Asn Arg Asp GLri Leu Leu Ser Phe Leu Asd Ser 
20 5 210 215 

GAA ATC TCC CAG GCG TTG AGC TAC CAC TTC AGC AAC AAC AAC ATC ACT 904 
Giu lie Ser Glr^ Ala Leu Ser Tyr His Phe Ser Asn Asn Asn lie Thr 

^20 225 230 

GTG CGC CAT A.AC GAA GAG TAC GAT CGG CTC GAA GGC CTG GAC AAC GGG 95 2 

Vai Arg His Asn Giu Giu Tyr Asp Arg Val Giu Gly Leu Asp Asn Gly 
235 240 245 

GTG ATC CTG CAC CTC AAG TCC GCC AAG AAG ATC AAG GCC GAC GCC TTG 1000 
Val lie Leu His Leu Lys Ser Gly Lys Lys He Lys Ala Asp Ala Leu 
250 255 260 

CTG TGG TGC AAC GGT CGT ACC GGC AAC ACC GAC /vAG CTG GGC ATG GAA 1048 
Leu Trp Cys Asn Gly Arg Thr Gly Asn Thr Asp Lys Leu Gly Met Giu 

265 270 27S 230 

AAC ATC GGG GTC AAG GTC AAC AGC CGT GGC CAG ATG GAG GTG GAC GAA 1096 
Asn He Gly Vai Lys Val Asn Ser Arg Gly Gin He Giu Val Asp Giu 
235 290 295 
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AAC TAC CGC AC J TCT CTG ACC A A'.: ATC TAT CAC JvJA AA : ..JAv' GTG ATG 114^ 
A 3 n T y r A r T r C y 3 */ a 1 T r A s I L - 1" y r G I y A l \ G i y A ^ ;:; */ u 1 lie 
3GJ 3o5 J:J 



GGC TGG CCG AGC CTG GCC ACT GCC GCC CAT GAC GAG GGC CGT TCG GCC 1192 
Gly Trp Pro Ser Leu Ala Ser Ala Ala Hi3 Aljo Gin Gly Arq Ser Ala 
315 320 325 

GOT GGC AGC ATC GTC GAC A.AC GGC AGC TGG CGC TAT GTG AAC GAC GTA 1240 
Ala Gly Ser He Val Asp Asa Gly Ser Trp Arcj Tyr Val Asn Asp Val 
330 335 340 

CCG ACC GGG ATC TAC ACG ATT CCG GAG ATC AGC TCG ATC GGC AAG AAC 1233 
Pro Thr Gly lie Tyr Thr He Pro Glu lie Ser Ser He Gly Lys Asn 
345 350 355 360 

GAA CAC GAA CTG ACC AAG GCC AAG GTG CCT TAC GAA GTG GGC AAG GCG 1336 
Glu His Glu Leu Thr Lys Ala Lys Val Pro Tyr Glu Val Gly Lys Ala 

365 370 375 

TTC TTC AAG AGC ATG GCG CGT GCG CAG ATC GCC GGT GAG CCG CAA GGC 1384 
Phe Phe Lys Ser Met Ala Arg Ala Gin lie Ala Gly Glu Pro Gin Gly 

380 385 390 

ATG CTG AAG ATC CTG TTT CAC CGC GAG ACC CTG GAA GTC CTC GGC GTG 1432 
Met Leu Lys He Leu Phe His Arg Glu Thr Leu Glu Val Leu Gly Val 
395 400 405 

CAT TGG TTC GGC TAC CAG GCT TCG GAG ATC GTG CAC ATC GGC CAG GCC 1480 
His Cys Phe Gly Tyr Gin Ala Ser Glu He Val His He Gly Gin Ala 
410 415 420 

ATC ATG AAC CAG CCG GGC GAG CAA AAT ACC CTC AAG TAT TTC GTC AAC 1528 
He Met Asn Gin Pro Gly Glu GLn Asn Thr Leu Lys Tyr Phe Val Asn 
425 430 435 440 

ACC ACC TTC AAC TAC CCG ACC ATG GCC GAA GCC TAT CGG GTA GCG GCC 1576 
Thr Thr Phe Asn Tyr Pro Thr Met Ala Glu ALa Tyr Arg Val Ala Ala 
445 450 4 55 

TAC GAT GGC GTC AAC CGG CTT TTT TGAGCGGCTC CGGCCGGTGG CCTGAGCCGG 1630 
Tyr Asp Gly Leu Asn Arg Leu ?ne 
4 6 0 
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CCGGGGAGAC CG; 



AAI'TC 



I'C I /(.lt<>7/029S3 



16 60 



(2) IN'FORMATICrJ FOP 



o ^ lJ :j c j ; _ : 

{ ) SEQ'JE:iC£ CHAHACTERZSTICJ : 
(A) LENGTH: 464 am:.no azidz 
(3) TYPE: ammo acid 
(D) TOPOLOGY: i linear 



(XL) SEQUENCE DESCRIPTION: 3E'^ ID N'O : 



Met Aia Va I Tyr Aan Tyr Asp Val Va. V^I Lc-u Gly Ger Gly Pro Ala 

Giy Glu Gly Ala Aia Met: Ago Ala A 1 Ly 3 Ala Gly Ar^j Lys Val Ala 

20 :s 30 

Met Val Asp Ser Arg Arg Gin Val Gly Gly Asn Cya Thr H13 L--u Gly 
35 40 4S 

Thr lie Pro Ser Lys Aia Lea Arg His Ser Val Arg Gin lie Met Gin 

50 C5 60 

Phe Asn Thr Asn Pro Met Phe Arg Aia He Gly Glu Pro Arg Trp Phe 
65 70 75 80 

Ser Phe Pro Asp Vai Leu Ly3 Ser Aia Glu Lys Val He Ser Lys Gin 
85 90 95 

Val Aia Ser Arg Thr Giy Tyr Tyr Ala Arg Asn Arg Vai Asp Leu Phe 

100 105 110 

Phe Gly Thr Giy Ser Phe Aia Asp G Gin Tar Val Glu Val Val Cys 
il5 120 125 

Aia Asn Giy Vai Val Glu Lys Leu V^^l Ala Lys His He lie He Ala 
130 135 140 

Thr Giy Ser Arg Pro Tyr Arg Pro Ala Asp He Asp Phe His His Pro 

15, 
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Arg He Tyr Asc 5or T^r : 1 Z^e^i 3or 1.-: G.y M . T:;r Ptd Ar j 

i-^^ 1""- 175 

L y 3 Leu lie I i Tyr G L y A I j G ^ y V a 1 I . G l y G y i; G ^ T ■/ r Ala 3 e r 
13G 135 1.0 

He Phe Ser Gly Leu Gly Vai Leu Val Glu Leu Val Asp Asn Arg Asp 
195 200 205 

Gin Leu Leu Ser Phe Leu Asp Ser Glu He Ser Gin Ala Leu Ser Tyr 
210 215 22 0 

His Phe Ser Asn Asn Asr^, lie Th.r Val Ar^ His A:^n Glu Glu Tyr Asp 
225 230 235 240 

Arg Val Glu Gly Leu Asp Asn Gly Val He Leu His Leu Lys Ser Gly 
245 250 255 

Lys Lys He Lys Ala Asp Ala Leu Leu Trp Cys Asn Gly Arg Thr Gly 

260 265 270 

Asn Thr Asp Lys Leu Gly Met Glu Asn He Gly Val Lys Val Asn Ser 
275 230 2S5 

Arg Gly Gin He Glu Val Asp Glu Asn Tyr Arg Tnr Cys V^l Thr Asn 
290 295 300 

He Tyr Gly Ala Gly Asp Val He Gly Trp Pro Ser Leu Ala Ser Ala 
305 310 315 320 

Aia His Asp Gin Gly Arg Ser Ala Ala Gly Ser He Val Asp Asn Gly 
325 330 335 

Ser Trp Arg Tyr Val Asn Asp Val Pre Thr Gly He Tyr Thr He Pro 
340 345 350 

Glu He Ser Ser He Gly Lys Asn Glu His Glu Leu Thr Lys Ala Lys 
355 360 365 

Vai Pro Tyr Glu Va^ Gly Lys Ala Phe Phe Lys Ser Met Ala Arg Ala 
370 375 330 

Gin He Ala Gly Glu Pro Gin Giy Me*: Leu Lys He Leu Phe His Arg 



385 390 3 



3# D 



400 
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G I u T h r Leu I u '/ a 1 L e u G L y V a i H l ^ C y .3 r* n e G 1 y T y r G L n A 1 a 



G i u lie 'y a 1 1 1 1 3 I ^ ^ G 1 y G 1 . ; A i ^ lie M*^- r A r; Gin Pro G . y G 1 u G 1 n 

420 425 430 

A3n Thr Leu Lys Tyr Phe Val Asn Thr Thr ?he Asa Tyr Pro Thr Met 

435 44 C 445 



Ala Glu Ala Tyr Arg Val Ala Ala Tyr Asp Gly Leu Asn Arg Leu Phe 
450 4 55 460 
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CLAIMS 

1 An org:in:srii iransk.Tnicd lo cxptcv^ .in ci\/.\ w.c hax iiiL: a sequence of ■_:rc.ucr than 
TO'^'o identity to SEQ ID N\). 2 and ca[xi{)ie of iransrernnLi rcducum equivaLnus between 
pyridine nucleotide cotactors 
5 2. An organism according to c!ann 1. x'vlierein the enz\nie is sokil:)le pyridine nucleotide 
transhydrogenase. 

3. Use of an organism according to claim I or claim 2, as a biocatalyst. 

4. A nucleotide molecule having a sequence of greater than 70% identity to SEQ ID 
No. I, encoding an enzyme having tiic aciivity of soluble pyridine nucleotide 

1 0 transi^ydrogenase 

5 A process in which a substrate is converted to a product by means of an enzyme and 
a pyridine nucleotide cofactor, which com[)rises the use of an er^zyme or organism as 
defined in claim 1 or claim 2 

6. A process according to claim 5, which is a biotransformation or assay. 
15 7. A process according to claim 5 or cla:m 6, wherein the substrate is morphine. 

8. A process according to any of claims 5 to 7, which the cofactor is used in a catal>l:ic 
amount. 
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dihydromorphine hydromorphone 



FIGURE lA 
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FIGURE in 
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FIGURE 2 
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E. coli J\fl(}9/pMORB3-AmutMC30S/pPNT4 E. coli JM[09/DMOR^^^Ar^^^^^r^n^ 
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FIGURE 4 
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